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(54) Injection molding apparatus having inter-manifold melt transfer bushings 

(57) Injection molding apparatus for multi-layer 
molding two materials with different injection tempera- 
tures having an insulative air space extending between 
front and rear heated melt distribution manifolds. 
Heated nozzles extending from the front manifold each 
have a central melt channel and one or more annular 
melt channels extending around it. Melt transfer bush- 
ings each having a central melt bore extend across the 
air space to convey melt from the rear manifold to one of 
the melt channels in each heated nozzle. In one embod- 
iment, each melt transfer bushing has a head portion 
which provides a spacer between the two manifolds, 
and an elongated stem portion which extends through a 
bore through the front manifold to one of the heated 
nozzles. An air space around the stem portion provides 
thermal separation between the melt from the rear man- 
ifold and the front manifold which is at a higher temper- 
ature. 
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Description 

BACKGROUND OF THE INVENTION 

[0001] This invention relates generally to multi-layer 
injection molding apparatus and more particularly to 
such apparatus having melt transfer bushings extending 
from a rear melt distribution manifold across an insuta- 
tive air space into bores extending through a front melt 
distribution manifold. 

[0002] Injection molding apparatus for making multi- 
layered protective containers for food or preforms or 
parisons for beverage bottles are well known. Often the 
inner and outer layers are made of a polyethylene 
terephthalate (PET) type material with one or more bar- 
rier layers made of a material such as ethylene vinyl 
alcohol copolymer (EVOH) or nylon. In some multi-cav- 
ity apparatus the two different melts are distributed 
through a single melt distribution manifold having differ- 
ent passages. However, preferably for materials such as 
these having different injection temperatures of about 
565°F and 400°F respectively, the two melts are distrib- 
uted through two different melt distribution manifolds. In 
some cases, the two melts are injected sequentially, 
while in other cases both coinjection and sequential 
injection are utilized. The two materials are injected 
through heated nozzles, each having a central melt 
channel and one or more annular melt channels extend- 
ing around the central melt channel to a gate leading to 
the cavity. 

[0003] As seen in U.S. Patent No. 5,223,275 to Gellert 
which issued June 29, 1993, it is also known to separate 
the front and rear melt distribution manifolds by a insu- 
lative air space with the melt from the rear melt distribu- 
tion manifold flowing through a flat spacer washer 
mounted between the two manifolds. While this is suita- 
ble for some applications, it has the disadvantage that 
there is not sufficient thermal separation between the 
front melt distribution manifold and the melt from the 
rear melt distribution manifold flowing through it. 

SUMMARY OF THE INVENTION 

[0004] Accordingly, it is an object of the present inven- 
tion to at least partially overcome the disadvantages of 
the prior art by providing multi-layer injection molding 
apparatus having melt transfer bushings extending for- 
wardly from the rear melt distribution manifold into bores 
extending through the front melt distribution manifold. 
[0005] To this end, in one of its aspects, the invention 
provides a multi-cavity hot runner injection molding 
apparatus for multi-layer molding having a front melt dis- 
tribution manifold and a rear melt distribution manifold 
mounted in a mold extending substantially parallel to 
each other with an insulative air space therebetween. 
There are a number of heated nozzles, each having a 
rear end. a front end and a central melt channel extend- 
ing therethrough from the rear nd to the front end. 



Each heated nozzle has an inner annular melt channel 
extending to the front end around the central melt chan- 
nel with a melt bore extending from the rear end of the 
heated nozzle to the inner annular melt channel. It also 

5 has an outer annular melt channel extending to the front 
end around the central melt channel and the inner annu- 
lar melt channel with one or more melt bores extending 
from the rear end of the heated nozzle to the outer 
annular melt channel. The heated nozzles are mounted 

w in the mold with the rear end of each heated nozzle 
abutting against the front melt distribution manifold. A 
first melt passage from a first melt source branches in 
the front melt distribution manifold and divides again to 
extend through the central melt channel and the one or 

75 more melt bores extending from the rear end of the 
heated nozzle to the outer annular melt channel and the 
outer annular melt channel in each heated nozzle to a 
gate adjacent the front end of the heated nozzle leading 
to a cavity in the mold. A second melt passage from a 

20 second melt source branches in the rear melt distribu- 
tion manifold and extends through the first melt bore 
and the inner annular melt channel in each heated noz- 
zle to the gate. There are a number of melt transfer 
bushings, each having a rear end, a front end, and a 

25 central melt bore extending therethrough from the rear 
end to the front end. Each melt transfer bushing is 
mounted in a position to extend from the rear melt distri- 
bution manifold forwardly across the insulative air space 
between the rear melt distribution manifold and the front 

30 melt distribution manifold and into a bore extending 
through the front melt distribution manifold to the first 
melt bore extending from the rear end of one of the 
heated nozzles to the inner annular melt channel. Thus, 
the central bore through each mett transfer bushing 

35 forms a part of the second melt passage. 

[0006] In another of its aspects, the invention further 
provides a multi-cavity hot runner injection molding 
apparatus for multi-layer molding having a front melt dis- 
tribution manifold and a rear melt distribution manifold 

40 mounted in a mold extending substantially parallel to 
each other with an insulative air space therebetween. 
There are a number of heated nozzles, each having a 
rear end, a front end and a central melt channel extend- 
ing therethrough from the rear end to the front end. 

45 Each heated nozzle has an annular melt channel 
extending around the central melt channel to the front 
end with one or more melt bores extending from the rear 
end of the heated nozzle to the annular melt channel. 
The heated nozzles are mounted in the mold with the 

so rear end of each heated nozzle abutting against the 
front melt distribution manifold. A first melt passage 
from a first melt source branches in the front melt distri- 
bution manifold and extends through the one or more 
melt bores and the annular melt channel in each heated 

55 nozzle to a gate adjacent the front end of the heated 
nozzle leading to a cavity in the mold. A second melt 
passage from a second melt source branches in the 
rear melt distribution manifold and extends through the 
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central melt channel in each heated nozzle to the gate. 
There are a number of melt transfer bushings, each hav- 
ing a head portion at a rear end, an elongated stem por- 
tion extending from the head portion forwardly to a front 
end and a central bore extending therethrough from the 5 
rear end to the front end. Each melt transfer bushing is 
mounted in alignment with the central melt channel of 
one of the heated nozzles. The head portion extends 
between the rear melt distribution manifold and the front 
melt distribution manifold to be a spacer to provide the 
insulative air space therebetween. The elongated stem 
portion extends from the head portion forwardly into a 
bore extending through the front melt distribution mani- 
fold in alignment with the central melt channel through 
the aligned heated nozzle. Thus, the central bore 
through each melt transfer bushing receives an elon- 
gated pin which extends forwardly therefrom into the 
central melt channel in the aligned heated nozzle with 
the second melt passage from the second melt source 
extending along the elongated pin. 
[0007] Further objects and advantages of the inven- 
tion will appear from the following description taken 
together with the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0008] 

Figure 1 is a partial sectional view of a portion of 
multi-layer injection molding apparatus having melt 
transfer bushings according to one embodiment of 
the invention, 

Figure 2 is an isometric view of one of the melt 
transfer bushings shown in Figure 1 , 
Figure 3 is a sectional view showing a melt transfer 
bushing according to another embodiment of the 
invention, 

Figure 4 is a partial sectional view of a portion of 
multi-layer injection molding apparatus having melt 
transfer bushings according to a further embodi- 
ment of the invention, 

Figure 5 is an isometric view of the melt transfer 
bushing shown in Figure 3, 
Figure 6 is a partial sectional view of a portion of 
multi-layer valve gated injection molding apparatus 
having melt transfer bushings according to a further 
embodiment of the invention, 
Figure 7 is an isometric view of the melt transfer 
bushing shown in Figure 6. and 
Figure 8 is an enlarged sectional view showing the 
valve pin seen in Figure 5 in the partially open posi- 
tion, 

Figure 9 is a similar view showing the valve pin in 
the fully open position, and 
Figure 10 is a partial sectional view of a portion of 
multi-layer injection molding apparatus having melt 
transfer bushings according to a still further embod- 
iment of the invention. 



DETAILED DESCRIPTION OF THE INVENTION 

[0009] Reference is first made to Figure 1 which 
shows a portion of multi-cavity sprue gated injection 
molding apparatus for molding three layer preforms or 
other products by coinjection molding. A number of 
heated nozzles 10 are mounted in a mold 12 with a rear 
end 14 abutting against the front face 16 of a front steel 
melt distribution manifold 18. While the mold can have a 
greater number of plates depending upon the applica- 
tion, in this case, only a heated nozzle retainer plate 20, 
a manifold retainer plate 22 and a back plate 24 secured 
together by bolts 26, as well as a cavity retainer plate 28 
are shown for ease of illustration. The front end 30 of 
each heated nozzle 10 is aligned with a gate 32 extend- 
ing through a cooled gate insert 34 to a cavity 36. This 
cavity 36 for making beverage bottle preforms extends 
between a cavity insert 38 and a mold core 40 in a con- 
ventional manner. 

[001 0] Each heated nozzle 1 0 is heated by an integral 
electrical heating element 42 having a terminal 44, 
Each heated nozzle 10 is seated in an opening 46 in the 
nozzle retainer plate 20 with a rear collar portion 48 of 
each heated nozzle 10 received in a circular locating 
seat 50 extending around the opening 46. This provides 
an insulative air space 52 between the heated nozzle 10 
and the surrounding mold 12 which is cooled by pump- 
ing cooling water through cooling conduits 54. Each 
heated nozzle 10 has a central melt channel 56 extend- 
ing from its rear end 14 to its front end 30. Each heated 
nozzle 10 has an insert portion 58 made of several 
pieces 60 which fit together to form an inner annular 
melt channel 62 extending around the central melt 
channel 56 to the front end 30 and an outer annular melt 
channel 64 extending around the inner annular melt 
channel 62 and the central melt channel 56 to the front 
end 30. In this configuration, the heated nozzle 10 has 
a single melt bore 66 extending from its rear end 14 to 
connect to the inner annular melt channel 67 and four 
spaced melt bores 68 extending from the rear end 14 of 
the heated nozzle 10 to the outer annular melt channel 
64. 

[0011] The front melt distribution manifold 18 is 
heated by an integral electrical heating element 70. It is 
located by a central locating ring 72 and screws 74 
extending into each heated nozzle 10 to have an insula- 
tive air space 76 extending between it and the surround- 
ing cooled mold 12. A rear steel melt distribution 
manifold 78 is mounted in the mold 12 extending paral- 
lel to the front melt distribution manifold 18 with a 
number of insulative and resilient spacers 80 extending 
between it and the back plate 24. As can be seen, the 
front and rear manifolds 18, 78 are separated by spac- 
ers 82 to provide an insulative air space 84 between 
them. As described in more detail below, the rear melt 
distribution manifold 78 is heated by an integral electri- 
cal heating element 86 to a lower operating temperature 
than the front melt distribution manifold 18, and th 
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insulative air space 84 between them provides sufficient 
thermal separation to allow this temperature difference 
to be maintained. 

[001 2] A first melt passage 88 extends from a central 
inlet 90 through a cylindrical manifold extension 92 and 
branches in the front melt distribution manifold 18 to 
extend through a melt dividing bushing 94 seated in the 
front face 16 of the front melt distribution manifold 18 in 
alignment with each heated nozzle 10. The melt dividing 
bushing 94 is made of three steel layers integrally 
brazed together as described in co-pending Canadian 
Application Serial No. 2,219,054 entitled, "Injection 
Molding Apparatus Having Melt Dividing Bushings" filed 
concurrently herewith. In this configuration, the first melt 
passage 88 divides in the melt dividing bushing 94 to 
extend to the central mett channel 56 and the four 
spaced melt bores 68 extending to the outer annular 
melt channel 64 in the aligned heated nozzle 10. 
[001 3] An elongated melt transfer bushing 96 accord- 
ing to the invention extends from the rear melt distribu- 
tion manifold 78 across the insulative air space 84 and 
into a bore 98 which extends through the front mett dis- 
tribution manifold 18 and each melt dividing bushing 94. 
While the transfer bushings 96 can be made of one 
piece, in this embodiment, as best seen in Figure 2 
each melt transfer bushing 96 has an elongated cylindri- 
cal body portion 100 with a connector bushing 102 
extending forwardly from it. The elongated body portion 
100 has a threaded rear end 104, a front end 106, a 
central melt bore 108 extending therethrough from the 
rear end 104 to the front end 106 and an integral electri- 
cal heating element 110 extending around the central 
melt bore 108. The threaded rear end of the elongated 
body portion 1 00 fits into a threaded seat 1 12 in the rear 
melt distribution manifold 78. The connector bushing 
102 also has a threaded rear end 1 14, a front end 1 16 
and a central melt bore 118 extending therethrough 
which matches the central melt bore 108 through the 
elongated body portion 100 of the melt transfer bushing 
96. The threaded rear end 1 1 4 of the connector bushing 
102 fits into a threaded seat 120 at the front end 106 of 
the elongated body portion 100 and the front end 1 16 of 
the connector bushing 102 fits into a matching seat 121 
in the rear end 14 of the heated nozzle 10. This allows 
the length of the melt transfer bushing 96 to be adjusted 
to match the width of the air space 84 between the front 
melt distribution manifold 18 and the rear melt distribu- 
tion manifold 78. The diameter of the elongated body 
portion 100 of the melt transfer bushing 96 is sufficiently 
smaller than the diameter of the bore 98 through the 
front melt distribution manifold 18 to provide an insula- 
tive air space 124 extending around the melt transfer 
bushing 96. 

[0014] A second melt passage 126 extends from a 
second inlet 128 and branches in the rear melt distribu- 
tion manifold 78 to extend through the aligned melt 
bores 108, 1 18 through each melt transfer bushing 96 to 
the aligned melt bore 66 extending from th rear end 14 



of each heated nozzle 10 to the inner annular melt 
channel 62. While only a single heated nozzle 10 is 
shown for ease of illustration, it is understood that in a 
typical configuration there will be many heated nozzles 

5 10 (eg. 32, 48, or 64) seated in the mold 12 to receive 
melt through the two melt passages 88, 126 which will 
have more complex configurations than shown. 
[001 5] In use, the injection molding system is assem- 
bled as shown in Figure 1 and operates to form three 

to layer preforms or other products with one barrier layer of 
a material such as EVOH or nylon between two layers of 
a PET type material as follows. Electrical power is 
applied to the heating element 70 in the front melt distri- 
bution manifold 18 and the heating elements 42 in the 

is heated nozzles 10 to heat them to a temperature of 
about 565°F. Electrical power is also applied to the heat- 
ing element 86 in the rear melt distribution manifold 78 
and the heating elements 1 1 0 in the melt transfer bush- 
ings 96 to heat them to an operating temperature of 

20 about 400°F. Water is applied to the cooling conduits 54 
to cool the molds 12 and the gate inserts 34, Hot pres- 
surized melt is then injected into the central inlet 90 in 
the front melt distribution manifold 18 and the second 
inlet 1 28 in the rear melt distribution manifold 78 accord- 

25 ing to a predetermined injection cycle. First, an injection 
cylinder (not shown) injects pressurized melt such as a 
polyethylene terephthalate (PET) type material through 
the first melt passage 88 which splits in each mett divid- 
ing bushing 94 to extend through both the central melt 

30 channel 56 and the outer annular melt channel 64 of 
each heated nozzle 10 to the gates 32. After a small 
quantity of PET has been injected into the cavities 36, 
another pressurized melt which is a suitable barrier 
material such as ethylene vinyl alcohol copolymer 

35 (EVOH) or nylon is then simultaneously coinjected by 
another injection cylinder (not shown) through the sec- 
ond melt passage 126 which extends across the insula- 
tive air space 84 through the melt transfer bushings 96 
and through the inner annular melt channel 62 of each 

40 heated nozzle 1 0 to the gates 32. When the cavities 36 
are almost filled, the injection pressure of the barrier 
material is released which stops its flow, but the flow of 
PET continues until the cavities 36 are completely filled. 
Injection pressure of the PET is then released and, after 

45 a cooling period, the mold is opened for ejection. After 
ejection, the mold is closed and the cycle is repeated 
continuously with a frequency depending upon the wall 
thickness and number and size of cavities 36 and the 
exact type of materials being molded. Thus, as can be 

so seen, in addition to conveying the barrier material 
across the insulative air space 84 between the two man- 
ifolds 18, 78, the melt transfer bushings 96 provide ther- 
mal separation for the barrier material and extra 
controlled heat if the barrier material is nylon as it flows 

55 through the front melt distribution manifold 18 which is 
at a higher temperature. 

[0016] Reference is now made to Figure 3 showing 
injection molding apparatus according to another 
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embodiment of the invention. As many of the elements 
of the various embodiments are the same as described 
above, not all common elements are described again 
and those that are described again have the same ref- 
erence numerals as before. In this case, the rear end 
104 of the elongated body portion 100 of each melt 
transfer bushing 96 is not threaded. Rather, the melt 
transfer bushing 96 is secured to the rear melt distribu- 
tion manifold 78 by screws 130 extending into the rear 
melt distribution manifold 78 through holes 132 in a 
flange portion 134 of the elongated body portion 100. 
Otherwise, the structure and use of the melt transfer 
bushings 96 are the same as described above and need 
not be repeated. 

[0017] Reference is now made to Figures 4 and 5 
showing injection molding apparatus according to a fur- 
ther embodiment of the invention. In this case, each 
melt transfer bushing 96 has a central melt bore 136 
extending through a rear head portion 138 and an elon- 
gated stem portion 140 which extends forwardly from 
the rear head portion 138. The head portion 138 of each 
melt transfer bushing 96 forms a spacer to provide the 
insulative air space 84 between the front and rear melt 
distribution manifolds 18, 78. The elongated stem por- 
tion 140 extends forwardly through the bore 98 through 
the front melt distribution manifold 18 into contact with 
the rear end 14 of the aligned heated nozzle 10. While 
the melt transfer bushing 96 can be made of one piece, 
in the embodiment shown the elongated stem portion 
140 has a threaded rear end 142 which is screwed into 
a threaded seat 144 in the head portion 138. This allows 
the elongated stem portion 140 to be made of wear 
resistant tool steel and the rear head portion 138 to be 
made of a less thermally conductive titanium alloy. As 
can be seen, the rear head portion 1 38 has a number of 
concentric grooves 146 on both its front and rear faces 
148, 150 to reduce thermal conduction from the front 
melt distribution manifold 18 to the lower temperature 
rear melt distribution manifold 78. The elongated stem 
portion 140 has a smaller outer diameter portion 152 
extending between two larger outer diameter portions 
154 at its ends which forms the insulative air space 124 
around the melt transfer bushing 96 as it extends 
through the bore 98 in the front melt distribution mani- 
fold 18. As mentioned above, this insulative air space 
124 provides thermal separation for the barrier material 
as it flows through the front melt distribution manifold 18 
which is at a higher temperature. 
[001 8] Reference is now made to Figures 6 to 9 show- 
ing injection molding apparatus according to a different 
embodiment of the invention for molding three layer pre- 
forms or other products by simultaneous or coinjection 
molding. In this case, the apparatus has valve gates 32 
provided by elongated valve pins 156 which extend 
through the central bore 136 through each melt transfer 
bushing 96 and the aligned central melt channel 56 in 
each heated nozzle 10. Each valve pin 156 has a front 
end 158 and a rear end or head 159. As best seen in 



Figures 8 and 9, each valve pin 156 has a central bore 
160 extending rearwardly from its front end 158 to four 
lateral melt bores 161 which extend diagonally outward 
to the outer surface 162 of the valve pin 156. In this 

5 embodiment, each valve pin 156 has a reduced diame- 
ter portion 163 which f its in a reduced diameter portion 
164 of the central melt channel 56 through the heated 
nozzle 10. The reduced diameter portion 163 of the 
valve pin 156 is longer than the reduced diameter por- 

70 tion 1 64 of the central melt channel 56 which thus forms 
a space 165 around the reduced diameter portion 163 
of the valve pin 156. As described below, the elongated 
valve pins 156 are reciprocated by hydraulic actuating 
mechanism 166 according to a predetermined cycle 

15 between three different positions In this embodiment, 
each melt transfer bushing 96 also has a cylindrical 
neck portion 167 which extends rearwardly into an 
opening 168 through the rear melt distribution manifold 
78, and the central bore 136 extends through this rear 

20 neck portion 1 67 as well. 

[001 9] As can be seen, in this embodiment, the insert 
portion 58 of each heated nozzle 10 only forms a single 
annular melt channel 169 extending around the central 
melt channel 56 with four spaced melt bores 170 

25 extending rearwardly from the annular melt channel 169 
to the rear end 14 of the heated nozzle 10. The first melt 
passage 88 for the PET divides in the melt dividing 
bushing 94 to extend to the four melt bores 1 70 leading 
to the annular melt channel 169 in the aligned heated 

30 nozzle 1 0. The second melt passage 1 26 for the barrier 
material branches in the rear melt distribution manifold 
78 and extends through an L-shaped passage 172 
drilled in the head portion 138 of each melt transfer 
bushing 96 to a longitudinal groove 174 machined to 

35 extend a predetermined distance rearwardly in the valve 
pin 156 from the space 165 around the reduced diame- 
ter portion 163 of the valve pin 156. In other embodi- 
ments, the groove 174 can extend helically around the 
valve pin 156 or the valve pin 156 can be small enough 

40 to let the barrier material flow around it. However, in 
view of the relatively low volume and low viscosity of the 
barrier material, it is preferable to have it flow through 
the groove 1 74. The valve pin 1 56 fits in the central bore 
136 in the melt transfer bushing 96 tightly enough to 

45 prevent melt leakage as the elongated valve pin 156 
reciprocates. Each melt transfer bushing 96 is retained 
in proper alignment by a small dowel 1 76 which extends 
between it and the front melt distribution manifold 18. 
The insert portion 58 of each heated nozzle 10 also has 

so an annular insulative air space 1 78 extending between 
the central melt channel 56 and the surrounding annular 
melt channel 168 to provide some thermal separation 
between them. Further thermal separation is provided 
around the central melt channel 56 by a circle of spaced 

55 holes 180 drilled in the rear end 14 of each heated noz- 
zle 10. Combined with the insulative air space 124 
around the stem portion 140 of each melt transfer bush- 
ing 96, this provides continuous thermal separation for 
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the barrier material as it flows through the higher tem- 
perature front melt distribution manifold 18 and the 
heated nozzles 10. The front face 148 of the head por- 
tion 138 of each melt transfer bushing 96 has an outer 
rim 182 which forms an insulative air space 184 
between the head portion 138 and the front melt distri- 
bution manifold 18 to provide thermal separation 
between the front and rear melt distribution manifolds 
18, 78. 

[0020] The rear end or head 1 59 of the valve pin 1 56 
is connected to a front piston 186 seated in a cylinder 
188 in the back or cylinder plate 24. The actuating 
mechanism 166 also includes a rear piston 190, and the 
two pistons 186, 190 are driven by controlled hydraulic 
pressure applied through ducts 192 to reciprocate the 
valve pin 156 between three different positions. While 
hydraulic actuating mechanisms 166 are shown for 
ease of illustration, of course, other types of actuating 
mechanisms such as electro-mechanical mechanisms 
can be used for other applications. 
[0021] In use, each valve pin 156 is initially retracted 
only far enough to a first partially open position to allow 
PET to flow through the annular melt channel 169. In 
this embodiment, there is a double blockage of the bar- 
rier material flow in this middle position. As seen in Fig- 
ure 8, the lateral melt bores 161 in the valve pin 156 are 
too far forward to connect with the space 1 65 around the 
reduced diameter portion 163 of the valve pin 156. Fur- 
thermore, as seen in Figure 6, the longitudinal or helical 
groove 174 in the valve pin 156 does not extend far 
enough rearwardly to connect with the L-shaped pas- 
sage 1 72 in the melt transfer bushing 96 in this position. 
In other embodiments, it may only be necessary to use 
one or the other of these ways of blocking the flow of the 
barrier material. 

[0022] Then, each valve pin 156 is retracted further to 
a second or open position shown in Figure 9. In this 
position, the lateral melt bores 161 in the valve pin 156 
are connected with the space 165 around the reduced 
diameter portion 163 of each valve pin 156 and the lon- 
gitudinal groove 174 in the valve pin 156 does connect 
with the L-shaped passage 172 in the melt transfer 
bushing 96 which allows the barrier material to flow 
through the melt passage 126 into the cavities 36. As 
mentioned above, the central location of the bore 1 60 at 
the front end 158 of the valve pin 156 and the relatively 
small size of the groove 174 and the central bore 160 
combine with the relatively low volume and low viscosity 
of the barrier material to ensure that the flow of the bar- 
rier material is reliable to provide a uniform and very thin 
layer of the barrier material which is quite expensive. As 
seen in Figure 9, the barrier material flowing simultane- 
ously with the PET splits the PET flow in two and pro- 
vides a central layer 194 of the barrier material between 
two outer layers 196 of PET 
[0023] When the cavities 36 are almost filled, the front 
end of each valve member 156 is returned to the first 
position closing off the flow of the barrier material 



through the central bore 160. The flow of PET through 
the annular melt channel 1 69 continues until cavities 36 
are completely filled. Each valve pin 156 is then driven 
to the third or forward closed position in which its front 

5 end 1 58 is seated in the gate 32 flush with the cavity 36. 
After a short cooling period, the mold is opened for ejec- 
tion. After ejection, the mold is dosed and the cycle is 
repeated continuously every 15 to 30 seconds with a 
frequency depending upon the wall thickness and 

70 number and size of cavities 36 and the exact materials 
being molded. 

[0024] Reference is now made to Figure 10 showing 
injection molding apparatus according to another 
embodiment of the invention. In this case, each melt 

is transfer bushing 96 again has the central bore 136 
extending through an elongated stem portion 140 and a 
rear head portion 138 which forms a spacer between 
the two melt distribution manifolds 18, 78. An elongated 
pin 198 is fixed in place with its head 200 seated in the 

20 rear fece 202 of the head portion 1 38 of each melt trans- 
fer bushing 96 and its partially tapered front end 204 
adjacent to and in alignment with one of the gates 32. 
Although not seen in Figure 10 because of the scale of 
the drawing, the elongated pin has a central bore 160 

25 extending to its front end 204 and lateral bores 161 the 
same as seen in Figure 9. During each cycle, PET is 
first injected through the first melt passage 88 and flows 
through the annular melt channel 168 in each heated 
nozzle 10 to the gates 32 leading to the cavities 36. A 

so short time after the start of PET injection, a predeter- 
mined quantity of the less viscose barrier material is 
then simultaneously injected through the second melt 
passage 1 26 which forms a central layer 1 94 of the bar- 
rier material between two outer PET layers 196. When 

35 the cavities 36 are almost filled, the injection pressure of 
the barrier material is released which stops its flow and 
the PET injection is continued to completely fill the cav- 
ities 36. Injection pressure of the PET is then released 
and, after a short cooling period, the mold is opened for 

40 ejection. After ejection, the mold 12 is closed and the 
cycle is repeated continuously every 15 to 30 seconds 
with a frequency depending upon the wall thickness and 
number and size of the cavities 36 and the exact mate- 
rials being molded. 

45 [0025] While the description of the injection molding 
apparatus having melt transfer bushings extending 
across the air space 84 between the front and rear melt 
distribution manifolds 18, 78 has been given with 
respect to several embodiments, it will be evident that 

so other various modifications are possible without depart- 
ing from the scope of the invention as understood by 
those skilled in the art and as defined in the following 
claims. For instance, the description of the invention has 
been given for injection molding apparatus for three 

55 layer molding, but it can also be used with injection 
molding apparatus for five layer molding. 
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Claims 

The embodiments of the invention in which an 
exclusive property or privilege is claimed is defined as 
follows: 

1 . In a multi-cavity hot runner injection molding appa- 
ratus for multi-layer molding having a front melt dis- 
tribution manifold and a rear melt distribution 
manifold mounted in a mold extending substantially 
parallel to each other with an insulative air space 
therebetween, a plurality of heated nozzles, each 
heated nozzle having a rear end, a front end, a cen- 
tral melt channel extending therethrough from the 
rear end to the front end, an inner annular melt 
channel extending to the front end around the cen- 
tral melt channel with a first melt bore extending 
from the rear end of the heated nozzle to the inner 
annular melt channel and an outer annular melt 
channel extending to the front end around the cen- 
tral melt channel and the inner annular melt chan- 
nel with at least one second melt bore extending 
from the rear end of the heated nozzle to the outer 
annular melt channel, the heated nozzles being 
mounted in the mold with the rear end of each 
heated nozzle abutting against the front melt distri- 
bution manifold, a first melt passage from a first 
melt source branching in the front melt distribution 
manifold and dividing again to extend through the 
central melt channel and the at least one second 
melt bore extending from the rear end of the heated 
nozzle to the outer annular melt channel and the 
outer annular melt channel in each heated nozzle to 
a gate adjacent the front end of the heated nozzle 
leading to a cavity in the mold, and a second melt 
passage from a second melt source branching in 
the rear melt distribution manifold and extending 
through the first melt bore and the inner annular 
melt channel in each heated nozzle to the gate, the 
improvement further comprising; 

a plurality of melt transfer bushings, each melt 
transfer bushing having a rear end, a front end, 
and a central melt bore extending therethrough 
from the rear end to the front end, each melt 
transfer bushing being mounted in a position to 
extend from the rear melt distribution manifold 
forwardly across the insulative air space 
between the rear melt distribution manifold and 
the front melt distribution manifold and into a 
bore extending through the front melt distribu- 
tion manifold to the first melt bore extending 
from the rear end of one of the heated nozzles 
to the inner annular melt channel, whereby the 
central bore through each melt transfer bushing 
forms a part of the second melt passage. 

2. Injection molding apparatus as claimed in claim 1 
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wherein each melt transfer bushing extends 
through the bore through the front melt distribution 
manifold into sealing contact with the rear end of 
said one of the heated nozzles. 

5 

3. Injection molding apparatus as claimed in claim 2 
wherein there is an insulative air gap between each 
melt transfer bushing and the surrounding front melt 
distribution manifold. 

10 

4. Injection molding apparatus as claimed in claim 3 
wherein each melt transfer bushing has an integral 
electrical heating element, the electrical heating 
element having a helical portion extending around 

is at least part of the central melt bore extending 
through the melt transfer bushing. 

5. Injection molding apparatus as claimed in claim 2 
wherein each melt transfer bushing comprises an 

20 elongated body portion and a connector bushing, 
the elongated body portion having a rear end, a 
front end, and a central melt bore extending there- 
through from the rear end to the front end, the con- 
nector bushing having a rear end. a front end, and 

25 a central melt bore extending therethrough which 
matches the central melt bore extending through 
the elongated body portion, the connector bushing 
extending forwardly from the elongated body por- 
tion. 

30 

6. Injection molding apparatus as claimed in claim 5 
wherein the rear end of the elongated body portion 
of each melt transfer bushing is threaded to screw 
into a threaded seat extending around the second 

35 melt passage in the rear melt distribution manifold. 

7. Injection molding apparatus as claimed in claim 6 
wherein one of the central melt bore at the front end 
of the elongated body portion of each melt transfer 

40 bushing and the first melt bore extending from the 
rear end of the aligned heated nozzle has a 
threaded seat therearound and one of the front and 
rear ends of the connector bushing is threaded, the 
threaded end of the connector bushing being 

45 screwed into said threaded seat in one of the cen- 
tral melt bore at the front end of the elongated body 
portion of each melt transfer bushing and the first 
melt bore extending from the rear end of the heated 
nozzle. 

50 

8. Injection molding apparatus as claimed in claim 2 
wherein each melt transfer bushing has a head por- 
tion and an elongated stem portion, the head por- 
tion extending between the rear melt distribution 

55 manifold and the front melt distribution manifold to 
be a spacer to provide the insulative air space ther- 
ebetween, the elongated stem portion extending 
fr m the head portion forwardly through the bore 
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extending through the front melt distribution mani- 
fold. 

9. In a mufti-cavity hot runner injection molding appa- 
ratus for multi-layer molding having a front melt dis- s 
tribution manifold and a rear melt distribution 
manifold mounted in a mold extending substantially 
parallel to each other with an insulative air space 
therebetween, a plurality of heated nozzles, each 
heated nozzle having a rear end, a front end, a cen- 10 
tral melt channel extending therethrough from the 
rear end to the front end and an annular melt chan- 
nel extending around the central melt channel to 
the front end with at least one melt bore extending 
from the rear end of the heated nozzle to the annu- is 
lar melt channel, the heated nozzles being mounted 
in the mold with the rear end of each heated nozzle 
abutting against the front melt distribution manifold, 
a first melt passage from a first melt source branch- 
ing in the front melt distribution manifold and 20 
extending through the at least one melt bore and 
the annular melt channel in each heated nozzle to a 
gate adjacent the front end of the heated nozzle 
leading to a cavity in the mold, and a second melt 
passage from a second melt source branching in 25 
the rear melt distribution manifold and extending 
through the central melt channel in each heated 
nozzle to the gate, the improvement further com- 
prising; 

30 

a plurality of melt transfer bushings, each melt 
transfer bushing having a head portion at a rear 
end, an elongated stem portion extending from 
the head portion forwardly to a front end and a 
central bore extending therethrough from the 35 
rear end to the front end, each melt transfer 
bushing being mounted in alignment with the 
central melt channel of one of the heated noz- 
zles, the head portion extending between the 
rear melt distribution manifold and the front 40 
melt distribution manifold to be a spacer to pro- 
vide the insulative air space therebetween, the 
elongated stem portion extending from the 
head portion forwardly into a bore extending 
through the front melt distribution manifold in 45 
alignment with the central melt channel through 
the aligned heated nozzle, whereby the central 
bore through each melt transfer bushing 
receives an elongated pin which extends for- 
wardly therefrom into the central melt channel so 
in the aligned heated nozzle with the second 
melt passage from the second melt source 
extending along the elongated pin. 

10. Injection molding apparatus as claimed in claim 9 55 
wherein the elongated stem portion of each melt 
transfer bushing extends through the bore through 
the front melt distribution manifold with the front end 



of each melt transfer bushing abutting against the 
rear end of the aligned heated nozzle. 

11. Injection molding apparatus as claimed in claim 10 
wherein there is an insulative air gap between the 
elongated stem portion of each melt transfer bush- 
ing and the surrounding front melt distribution man- 
ifold. 

12. Injection molding apparatus as claimed in claim 1 1 
wherein the head portion of each melt transfer 
bushing has an off-center melt channel extending 
from an inlet on the rear end to join the central melt 
channel and form part of the second melt passage. 

13. Injection molding apparatus as claimed in claim 12 
wherein the off-center melt passage is L-shaped. 

14. Injection molding apparatus as claimed in claim 12 
wherein the elongated pin is a valve pin and further 
including actuating mechanism to reciprocate the 
valve member between a retracted open position 
and a forward closed position. 

15. Injection molding apparatus as claimed in claim 14 
wherein each melt transfer bushing further com- 
prises a neck portion extending rearwardly from the 
head portion into an opening in the rear melt distri- 
bution manifold and the elongated valve pin fits in 
the central bore in the neck portion tightly enough 
to prevent melt leakage as the elongated valve pin 
reciprocates. 

16. Injection molding apparatus as claimed in claim 12 
wherein the elongated pin is a fixed pin with a longi- 
tudinally extending melt groove therein. 

17. The injection molding apparatus as claimed in claim 
1 wherein there is an insulative air space between 
each heated nozzle and the surrounding mold. 

18. The injection molding apparatus as claimed in claim 
1 wherein the insulative air space between the rear 
melt distribution manifold and the front melt distri- 
bution manifold is formed by positioning a plurality 
of spacers therebetween. 

1 9. The injection molding apparatus as claimed in claim 
1 wherein there is an insulative air space between 
the front melt distribution manifold and the sur- 
rounding cooled mold. 

20. The injection molding apparatus as claimed in daim 
19 wherein the insulative air space between the 
front melt distribution manifold and the surrounding 
cooled moW is formed by positioning a central 
locating ring therebetween. 
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21 . The injection mokfing apparatus as claimed in claim 
1 wherein there is an insulative air space located 
between the rear melt distribution manifold and a 
back plate. 

5 

22. The injection molding apparatus as claimed in claim 
19 wherein there is an insulative air space located 
between the rear melt distribution manifold and a 
back plate. 

10 

23. The injection molding apparatus as claimed in claim 
22 wherein there is an insulative air space between 
each heated nozzle and the surrounding mold. 

24. The injection molding apparatus as claimed in claim 
1 wherein said insulative air spaces provide suffi- 
cient thermal separation to allow a temperature dif- 
ference to be maintained between a first melt 
passing through the rear melt distribution manifold 
and a second melt passing through the front distri- 
bution manifold as said melts pass into said noz- 
zles. 
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